ABSTRACT
INTRODUCTION
Due to emerging needs for multimedia applications, a variety of access technologies such as third generation (3G), beyond 3G (B3G), and 4G networks are developed and deployed to complement 2G networks and satisfy demands for mobile services and internet access. 4G communication networks strive to seamlessly integrate various existing wireless communication technologies with the goal of replacing the entire core of cellular networks with a single worldwide cellular network. It provides capabilities defined by International Telecommunication Union (ITU) in Internet Mobile Telephony (IMT) Advanced [1] . 4G network is believed to be the fastest network technology following the path set and commercially deployed by its wireless siblings, evolved to offer a mobile environment with high data rate up to 450 Mbps and efficient quality of service (QoS) for real-time applications [2] .
The increasing demand for mobile multimedia applications along with the increasing population of advance mobile devices seeking best connections anywhere and anytime comes with the challenge of providing efficient mechanisms for seamless handover among heterogeneous networks to meet specific QoS requirements. Consequently, choosing the best network to accept a new connection request without disrupting the service quality of ongoing connections becomes difficult [3] [4] [5] . Furthermore, as 4G networks are associated with much uncertainty and imprecision due to escalating number of access points, constant change in propagation channels, network load sudden variations and random mobility of users [6] [7] , there is need to develop a framework that ensures fair admission control and efficient service delivery to all categories of call requests.
A Connection Admission Control (CAC) is an important decision making technique aimed at providing required QoS by restricting access to the network resources [8] . According to [3] and [9] , maintaining QoS (e.g. signal quality, packet delay, jitter, loss rate, call blocking and dropping thresholds, etc.) is necessary for efficient admission control in mobile multimedia networks. Based on network load conditions for a requested connection type, the admission controller can decide to either accept or block the new request depending on the available network resources to meet the QoS requirements for the new connection without violating the QoS of already accepted requests, otherwise it is rejected. Several methods have been used to improve QoS across 4G networks. These methods include Markov models, queuing models, and expert systems, etc. In recent years, conventional fuzzy logic otherwise called type-1 fuzzy logic systems, arewidely used to improve the capability of existing CAC methods in mobile networks. This is due to its ability to process information using linguistic variables and making decision with imprecise, vague, ambiguous, uncertain data [12] [21] . Despite the popularity of T1FLS, research has shown that there are difficulties in the ability of T1FLSs to model and minimize the effect of uncertainties because they provide a hard decision boundary [22] [23] . To solve this problem, type-2 fuzzy logic controllers are introduced. Type-2 fuzzy systems [24] are extensions of type-1 fuzzy systems, characterized by membership functions that are themselves fuzzy with soft decision boundaries. T2FLSs provide additional design degrees of freedom, which can be very useful when such systems are used in situations where lots of uncertainties are present. Both the T1FLS and T2FLS consist of the same four components, which are: a fuzzification unit, a rule base, a fuzzy inference engine, and a defuzzification unit. In addition, T2FLs possess typereducer which converts T1FS output into crisp value. Recently, type-2 FLSs have been applied as a useful technique to handle all forms of uncertainties both in classification, prediction and control and the results have been promising and very encouraging [25] Despite the advantages offered by T2FLSs, there is the problem of computational complexity due to type-reduction computation, especially when there are many MFs and the rule base is large. To reduce the computational burden while preserving the advantages of IT2FLCs, a special case of type-2 fuzzy system called the interval type-2 fuzzy system is used [33] . IT2FLSs are widely applied in various areas because of their abilities to simplify T2FLCs [34] [35] [36] . Typically, an IT2FLS comprises five components namely, a fuzzification unit, a rule base, a fuzzy inference engine, type-reduction and defuzzificztion units. An iterative Karnik-Mendel (KM) algorithm is explored to perform type-reduction process. An extended version of type-1 defuzzification operation technique is applied on T2FSs case of the IT2FLS to obtain a T1FS at the output. The T1F set so obtained is a type-reduced set which is a collection of the outputs of all of the embedded T1-FLSs [25] . However, Karnik-Mendel (KM) algorithm is computationally complex, time-consuming with computational overhead which can reduce the real-time performance of the IT2-FLS and also limit their application in industrial embedded controllers. To overcome the limitations of IT2FLS in order to speed up a T2FLC, Wu and Mendel uncertainty bounds (UB) technique is employed to approximate the type-reduced set instead of using KM algorithm [37] [23] . This approach is believed to reduce the computation cost of the type-reduction and the memory required for the IT2FLS implementation.
In this paper, an IT2FL connection admission control framework for guaranteed QoS in 4G network is proposed. The admission decisions are made based on system parameters like latency, packet loss, load, signal strength, and user mobility. The study employs two approaches; K-M algorithm to obtain the type-reduced sets, and Wu-Mendel uncertainty bound approach for approximation of type-reduced set to estimate the uncertainty and crisp output of an IT2FLC. Experimental results indicate that approximation of the type-reduced set using Wu-Mendel method can eliminate type-reduction computational complexity. Also, computations associated with interval type-2 fuzzy systems provide a more accurate result than T1FLS, with practical results in connection admission control in 4G networks. The results further indicate that, our system is able to maximize the network resource utilization by reserving resources only when needed and within the expected residence time interval. In addition, the system ensures that QoS is maintained by deciding whether a connection should be accepted or rejected thereby improving customer's quality of experience and loyalty.
AN OVERVIEW OF INTERVAL TYPE-2 FUZZY LOGIC

Interval Type-2 Fuzzy Sets
According to standard background material about interval type-2 fuzzy sets taken from [38] , an interval type-2 fuzzy set (IT2FS), Ã is characterized as:
where x, the primary variable, has domain X; u∈U, the secondary variable, has domain J x at each x∈X ; J x is called the primary membership of x and the secondary grades of Ã all equal 1 [39] . Uncertainty about Ã is conveyed by the union of all the primary memberships, which is called the footprint of uncertainty (FOU) of A as shown in Fig1.
The upper membership function (UMF) and lower membership function (LMF) of Ã are two type-1 MFs that bound the FOU, i. e.
where J is an interval set. We can apply set theory operations of union, intersection and complement to easily compute for IT2 FSs Figure 2 represents an IT2FLS, which is a FLS that uses at least one IT2FS, is characterized by five components: a rule-base, a fuzzification unit, an inference-engine unit, type-reduction and defuzzification units -that are inter-connected. The type-2 fuzzy logic architecture updates a type-1 fuzzy logic system by adding the type reduction component. The IT2FLS is a mapping from crisp inputs to crisp outputs and this mapping can be expressed quantitatively as Y = f (x). The fuzzification process maps a crisp input vector into type-1 or IT2FSs using singleton, triangular, trapezoidal or Gaussian fuzzifier. Input IT2-FSs then activate the inference engine and the rule base to produce output IT2 FSs. A typereduction unit combines the output sets and then performs a centroid calculation which produces an interval T1FS (type-reduced set). The type-reduced set is then processed by the defuzzification unit to produce crisp outputs. In type-2 fuzzy logic, rules may be provided by experts or can be extracted from numerical data which can be expressed as a collection of IF-THEN statements. An IT2FLS can be with m inputs and n outputs or m inputs and one output. The later have the if-then rules specified as in (6) .
Interval Type-2 Fuzzy Logic Systems (IT2FLS)
Where $ ( , i = 1,…, m are the antecedents, 5 is the consequent of the lth rule of IT2FLS. The + , ( 's are the MFs 7 8 , 9 : $ ( of the antecedent part assigned of the ith input $ ( , The 4 -is the MFs 7 ; 6 < : 5 of the consequent part assigned to the output 5 = .
The result of the input and antecedent operations contained in the firing set produces an interval type-1 set as shown in (7) [26] . The inference engine combines the fired rules and gives a mapping from input to output in IT2FSs. The combined output fuzzy set, 7 ; 6 < : 5 = , is obtained by combining the fired output consequent sets by taking the union of the ith rule fired output consequent sets.
Interval Type-2 Fuzzy Logic Systems (IT2FLS
From the standard background material on type-reduction and defuzzification in an IT2FLS taken from [38] , five different Type-reduction (TR) techniques are defined, where the type-reduced set gives an interval of uncertainty for the output of an IT2FLS. The more uncertainties in an IT2FLS, the more uncertainties about its MFs, the larger the type-reduced set, and vice-versa. Although, computing the centroid of a general T2FS is complex; for an IT2FS, an exact iterative method of type-reduction is performed to compute the centroid of an IT2FS which is a T1FS. IT2FS are characterized by their left-and right-end points required to compute the centroid of an IT2FS [23] [40] [25] .
Center-of-sets, centroid, center-of-sums, and height type-reduction can all be expressed in [27] [29] as (10) Defuzzification of the interval set is performed using the average of y lk and y rk , and the defuzzified crisp output for each output k is achieved;
An IT2FLS Using Wu-Mendel Uncertainty Bounds
The Type-reduction is computationally intensive, time-consuming and associated with output uncertainty for a real-time application of an IT2FLS. However, to overcome the limitations of IT2FLS in order to speed up a T2FLC, Wu-Mendel uncertainty bounds technique is employed to approximate the type-reduced set. The inner-and outer-bound sets (called minimax uncertainty bounds) are provided for the type-reduced set to estimate the output uncertainty of IT2FLS and directly perform defuzzification to obtain output under certain conditions [23] [37]. The type-reduction sets are approximated without having to perform TR and also defuzzify directly to obtain the output in (12) and (13) [37] as follows:
The output of IT2FLS is given as;
PROPOSED INTERVAL TYPE-2 FUZZY LOGIC FRAMEWORK FOR CALL ADMISSION CONTROL IN 4G NETWORKS
The In this paper, a 4G connection admission control framework is proposed using interval type-2 fuzzy logic technique in order to improve QoS. The choice of this technique lies in its ability to handle uncertainty associated with variables used in connection admission decision more effectively compared to type-1 fuzzy logic model. Connection admission factor (CAF) is determined for effective decision on call admission into the network and for proper management of network's resources based on the impact of these indictors (variables) -latency, packet loss, load, signal strength, and user mobility. The general structure of an IT2FLS for CAC in 4G networks is presented in Figure 3 . The Model of the Proposed IT2FL-AC is shown in Figure 4 . and User Mobility (UM) obtained from the knowledge engine and one output, Call Admittance Factor (CAF) for determining the degree of acceptability or otherwise of call request. General T2FLSs are computationally complex [42] . However, T2FLC is simplified using IT2FLS. In this paper, IT2FLS as discussed is employed for controlling call admission parameters. Figure 4 .The MF limits are selected based on input parameters and applied for reducing footprint of uncertainties. The MFs of these fuzzy sets contain five inputs and one output. These inputs are converted and fuzzified into input interval type-2 fuzzy sets, and then are mapped to the linguistic labels of fuzzy sets to determine their degree of membership. Fig. 4 : The Model of the Proposed IT2FLCAC-adapted from [43] This work considers IT2 Gaussian MFs with uncertain width (deviation) because it is suitable for highly dynamic random networks such as 4G.
That is σ ∈ [σ 1 , σ 2 ] with upper and lower membership functions defined as follows:
Where c is the center (mean) of the MF, σ is the width (standard deviation) of the MF and x is the input vector. The variables p U,(1 and p Z,(1 are premise parameters that define the degree of membership of each element to the fuzzy set Ã and FOUs of the IT2IFS. The detail description is found in [33] [23] . MFs are defined and evaluated for all the input and output linguistic variables. IT2F sets are explored in the antecedents' parts and each MF of the antecedent part is represented using an upper and a lower MFs, denoted by 7̅ Ã (x) and 7 Ã (x) as described in [33] . Each node output indicates the lower and upper interval.
In layer two, the fuzzy rules are defined based on (6 . 243 rules were defined in the rule base for the IT2 FLC based on human expert opinion. For simplicity, parts of the rules are presented in Table  1 . In the IT2FLS, the rule base part are enclosed with five antecedents (LA, PL, SS, LD, UM) which divide the input space into a set of fuzzy regions and one consequent (CAF) part which describes the system behavior in those regions. Each MF of the antecedent part is represented by an upper and a lower membership function
In layer three, the inference engine combines fired rules, maps input IT2 fuzzy sets and output IT2 fuzzy sets by computing unions and intersections of type-2 sets, as well as compositions of type-2 relations. The main problem is to determine the effect of input parameters in the antecedent part such that a concise representation of the system's behavior is produced in the consequent part, i.e. network connection admission. This paper uses Mamdani fuzzy inference engine to calculate the firing strengths of the ith rule illustrated in (7).
Layer Four: In this layer, type reducer maps IT2FS into a T1FS by combining the fuzzy output sets (IT1FS). In our paper, IT2FLC-AC employs center-of-sets type-reduction [44] , and applies the iterative Karnik-Mendel (KM) procedures illustrated in section 4 of this paper, to calculate correct values of type-reduced sets. IT1FS is determined by its two end points, y l and y r in (9) and (10).
Layer five: Defuzzification is performed in this layer by mapping the T1FS into a crisp number by computing the interval output of this layer for each node present in this layer respectively. The final output of T2FLS-AC, which is a numeric value, is obtained by averaging the output of the resultant effect of the four embedded T1FLS using (10).
However, it is observed that K-M type-reduction scheme shows a major bottleneck using an interval type-2 FLS in real-time practices. We employ Wu-Mendel uncertainty bounds approximation method illustrated in section 5 of this work, to estimate the type-reduced sets and then determine the output of the FLS directly in to eliminate type-reduction.
Next, we present our model experiment and discussion of simulation results. We use the root mean square error (RMSE) performance criterion for our experiments which is defined as:
Where 5 i is the desired output, y is our model output and N is the number of data items.
MODEL EXPERIMENT RESULTS
In this paper, IT2FL controller using KM type-reduction method and the IT2FL controller using the Wu-Mendel UB method are applied to a non-linear system control problem in 4G mobile networks where 200 datasets are generated based on the variables; latency, Packet Loss, Signal Strength, Load, and User Mobility which are used as inputs and call admittance factor is the desired output. For each input in this study, Gaussian membership functions with fixed mean and uncertain standard deviation are used. An IT2FLS-AC and T1FLS-AC are implemented for comparison purposes. Fuzzy logic toolbox in Matlab 7.5.0 is used for the input and output membership functions plots as presented in Figures 5(a)-(f) respectively. The results of applying different approaches to the admission control in 4G networks to guarantee efficient QoS are shown in Table1 and graphs are presented in Figures (6) to (8) respectively. The result of RMSE performance criterion for our experiment is presented in Table 2 . The results of applying different approaches to the connection admission control problem are as listed in Table 1 and in Figures (6) to (8) indicate that generally, IT2FLS using Wu-Mendel method outperforms Karnik-Mendel on the same set of input parameters. For example, with 35% low latency, 1% low packet loss, 56% low load, -91.9 signal strength and 2% moderate user mobility, 57% good CAF is achieved using WU approach as against 55% good CAF with Km method. However, it is also observed that approximately 100% optimal value in terms of QoS demands and overall network performance is achieved using both approaches with 44% medium latency, 5% high packet loss, 67% high load, -85% strong signal strength and 5% high user mobility. RMSE performance measure applied in the work, as shown in Table 2 
CONCLUSION
In this study, an IT2FLS approach to control is presented. The IT2FLS can accommodate more imprecision thereby modelling imperfect and imprecise knowledge better than some T1FLS. The main problem is to determine the effect of input parameters in the antecedent part such that a concise representation of the systems behavior is produced in the consequent part, i.e. network connection admission. The key point in this design is the use of IT2FL to model the level of uncertainty of every element in each set. In future, we intend to learn the parameters of the IT2FLS using Gaussian membership function with uncertain mean and also to train IT2FLS using hybrid approach of neural networks and particle swarm optimization and to apply on network connection admission control datasets for more effective guarantee of QoS.
